At a spatial scale, the diversity of butterflies varies with numerous factors including the availability of the host plant species. In parity with this proposition, the correspondence of diversity of butterfly and plant in the background of the urban-rural gradient was evaluated using Kolkata, India, as a model study area. The results reveal significant positive correlation between the diversity of butterflies and the plants, with the different values for the suburban, rural, and urban areas. Identification of the butterfly loads for the plants in the respective areas can be useful in enhancing the conservation of the butterflies through enhanced plantation of the concerned plant species. Alternatively, the disclosure of the generalist and specialist pattern of the plant species preference by the butterflies may be useful in enhancing the population of the respective species in the concerned areas. The conservation strategy for butterfly species may be refined through the use of both or any one of the quantitative assessment of the butterfly-plant links in the urban-rural gradient in Kolkata, India, and similar places in the world. ABSTRACT butterfly, plant, diversity, mutualistic relationship, urbanization gradient KEYWORDS
Butterflies are considered as indicator species (Bonebrake et al. 2010) with multiple functional roles that sustain ecosystems and the services derived thereof. Butterflies and plants are extremely interlinked (Feltwell 1986) . Besides pollination, the butterflies are involved in various other interactions that facilitate the maintenance of the integrity of the ecosystems (Bonebrake et al. 2010) . In almost all terrestrial ecosystems across the globe, the species assemblages of butterfly differ considerably depending on the vegetation and land use pattern (Blair & Launer 1997; Bergerot et al. 2011; Sagwe et al. 2015) . And therefore, butterfly is used as an important bioindicator for environmental assessment in studies of conservation biology (Sakuratani & Fujiyama 1991; Bonebrake et al. 2010) . The dependency of the larval stage on a specific host plant and adult stage on flowering plants connects butterflies strongly to the diversity and health of their habitats (Sparks et al. 1996) . The correspondence of the plant and butterfly abundances is crucial to understand the health and quality of the ecosystem as well as planning conservation strategies (Maccherini et al. 2009; Ferrer-Paris et al. 2013) . In the recent time, human interference is generally associated with ecologically unsustainable ecosystems, including local extinction of plant and animal species diversity and reduction of resource quality (Grimm et al. 2008; Pickett et al. 2011) . Studies of biodiversity assessment are often used for recognizing the level of anthropogenic disturbance (Myers et al. 2000) and these studies may be useful for conservation biologist for taking decision by identifying dominant or more common species or by observing interactions among species in a specific region or time period (Wilson et al. 2009 ). Monitoring of butterfly and corresponding plants in cities (Koh & Sodhi 2004; Tiple et al. 2011; Lee et al. 2015; Barranco-León et al. 2016) , forests (Liivamägi et al. 2014) , agricultural fields (Loos et al. 2014) , and human-made river levees (Moroń et al. 2017 ) facilitate the assessment of the diversity status and development of necessary conservation INTRODUCTION steps. Empirical studies indicate that butterflies can thrive in numerous smaller green patches in the urban ecosystems (Croxton et al. 2005) , making the urban spaces as valued sites for butterfly conservation (Lee & Kwon 2012; Lee et al. 2015) . In the green spaces of urban and suburban regions, the relative density and abundance of butterflies vary corresponding to the richness and abundance of the host plant species (Smalidge & Leopold 1997; Lee et al. 2015) . Before promoting the urban green spaces for conservation of butterflies, an appraisal of the diversity relationship between the butterfly and vegetation is essential, as evident from studies across the different continents (Smalidge & Leopold 1997; Kitahara et al. 2008; Lee et al. 2015) . Dependence of the butterflies on the plant species in a community can be considered through an alternative viewpoint. A butterfly species can be linked to a single, few, or multiple number of plant species and can be classified accordingly in the continuum of specialist to generalist consumer (Tudor et al. 2004) . The availability of the butterfly species will then depend on the heterogeneity of the landscape with the available vegetation. Thus correspondence of the plants and the butterflies needs to be highlighted in terms of the richness and abundance aspects of diversity.
Assuming that the trophic nature of the butterflies is important feature in determining the pattern of diversity, the assessment of correspondence between the richness of the butterflies and the plant species in unit area becomes critical in deciding the nature of conservation strategy (van Halder et al. 2008; Farhat et al. 2014) . While majority of the studies on butterflies of urban landscapes have addressed the diversity aspects with homogeneous or heterogeneous vegetation patterns (Ramírez-Restrepo & MacGregor-Fors 2017) , in the present study, the aspects of richness and abundance of the butterflies and the plant species were assessed to supplement the required information to standardize the conservation aspects. Both the abundance and richness of plants were used to predict the prospective abundance and richness of the butterflies in the study sites with the urban, suburban, and rural areas in and around Kolkata, India, being the three different types of landscapes. This urbanization gradient approach is expected to be utilizable for recognizing the distribution pattern of butterflies and their food plants in and around Kolkata. The results are expected to be useful for choosing most appropriate plants that serve for butterfly conservation along with an urban greening program of Kolkata, India, and similar regions around the world. The results are expected to supplement information to the urban development authority for habitat restoration in terms of both ecosystem services and the conservation of butterfly and plant community.
MATERIAL AND METHODS

Sampling sites
The present study was conducted in and around Kolkata megacity, India. On the basis of physical features, three study areas, namely, urban, suburban, and rural areas, were selected. Each area consisted of two study sites comprising of spatially distinct places. The selection of these sites was made following on-site visits, Google Earth Image, and land use planning map before the initiation of the sampling study. To demarcate three different study areas, the space image or Google Earth Image of the each site was classified into vegetation, open land, water body, settlement, and agricultural land and the percentage of these parameters was calculated by MicroImages, Inc. © 2015 . The percentage of the physical parameters of each site (about 7km 2 ) was calculated (See Table S1 
Sampling period and time
For a period of 1 year, butterflies and plants were observed in the sampling sites from January 2014 to December 2014 and each study site was visited once in a month and transects were observed from early morning (07:00 hours) to afternoon (17:00 hours) during good weather periods (without rain and strong wind) following the standard protocol (Pollard 1977; Pollard & Yates 1993) , as described in earlier publications (Mukherjee et al. 2015a, b) .
Sampling techniques
In each sampling site, the butterflies were recorded following "Pollard Walk" method (Pollard 1977; Pollard & Yates 1993) with required modifications. Five "transect paths" of 1 km each with a gap of 500 m were selected in each site within each area (i.e., 5 transects × 12 months × 2 sites =120 samples in each area (urban/suburban/rural)) and butterflies were counted on either side of the path (at a distance of 2.5 m) following Mukherjee et al. (2015a) . The method of Clark et al. (2007) was used for recording the plant species that were used by butterflies for either sucking nectar or laying eggs (Mukherjee et al. 2016) . The plant species encountered within 2.5 m to either side of a particular point in the transect were also recorded. But it was not possible to count all the herbaceous plant individuals located within 2.5 m to either side of a particular point in the transect. Within 2.5 m to side of each transects, five quadrats (with a dimension of 5 m × 5 m) were established using poles and ropes at 200-m intervals (Mukherjee et al. 2015b ) for the sampling of herbaceous plants. Some flowering plant specimens were collected and preserved as herbaria for further confirmation of identification using appropriate keys (Kehimkar 2000; Paria 2005 Paria , 2010 Mandal & Jana 2012) . The selection of the study sites and the areas covered were in compliance with the norms of general observational studies, without procurement of any butterfly. Although the plant parts were plucked in minimum for identification, no plants were uprooted for identification. Similarly, no butterfly individuals were killed intentionally or otherwise in this study, although photographs were taken for supportive evidence of identification (Mukherjee et al. 2015a (Mukherjee et al. , b, 2016 .
Data analysis
Pooling data from the five transects were taken for the calculation for each site as data sets were too small to calculate diversity parameters per transect following Stout & Casey (2014) with necessary modifications. Biodiversity Pro Software (McAleece et al. 1997 ) was used to calculate diversity index. Ranked species abundance curve (Heip et al. 1998 ) was used to rank species from 1, those that are most abundant, to S, those that are least abundant, and the log (n) transformed data of butterflies and plants species abundances were used to form rank of species of all six sites. The data on the plant richness and abundance and butterfly richness and abundance were subjected to mixed model generalized linear model (GLM) to justify the effects of the months and the areas (U, urban; SU.U, suburban; and RU, rural) followed by post hoc multiple comparisons (Fisher's least square difference) (Legendre & Legendre 1998; Zar 1999) . The purpose was to highlight the significant variations in the month and area as reflected on the diversity of plants and butterfly. The statistical analyses (Legendre & Legendre 1998) were performed using XLSTAT software (Addinsoft 2010) .
In order to understand the relative importance of individual plant species in the butterfly association, an index was estimated representing the butterfly load of the plant. Using the data on the number of butterfly species recorded from the plants and the relative abundance of the plant in the concerned sampling unit, the data on the butterfly load were estimated (Mukherjee et al. 2015b ) by applying the following formula: butterfly load in each plant species = P b /P i (where P b is the proportion of the total butterfly species and P i is the proportion of the i th plant species). Similarly, the choice of the butterfly for the plants was assessed to highlight the extent of the plant species linked with the butterfly species (Mukherjee et al. 2015b ). For the butterfly species, relative preference for the plant species was calculated by proportion presence in the plants. Link to the plant species = B i /P i (where B i is the proportion of the . i th butterfly species in the plant and P i is the proportion of the i th plant species). A two tailed t-test (Zar 1999) was applied for each species to assess whether the values of the indices differ significantly from the mean value observed in the samples for all the areas concerned. A difference from the expected mean value will enable judging the rank of the butterfly as being specialist or generalist in nature with respect to the association of the plant species. The statistical analyses (Legendre & Legendre 1998) were performed using the SPSS ver.10 (Kinnear & Gray 2000) and XLSTAT software (Addinsoft 2010 ).
RESULTS
The species composition with the relative proportion of butterflies and plants recorded through the study periods in each area was measured (presented in Table S2 and Table S3 ). Of 54 food plant species belonging to 29 families, 21 species were shrubs and 31 spices were herbs. Although tree was exempted from the study, only two species of tree were recorded because of those short heights. Relative abundance (mean ± SE) of butterflies (A) and plants (B) was highest in suburban area followed by rural and urban areas (presented in Table S4 ). Including the occurrence of the species in each site as a parameter for comparison, the rank abundance curves of diversity of butterflies (A) and diversity of plants (B) were presented in Figure 1 . The rank abundance curve indicated greater diversity of butterflies and plants in site 3 and site 4 (suburban areas) in comparison to site 5 and site 6 (rural areas) and site 1 and site 2 (urban areas). The value of diversity index (Shannon H' Log Base 10) of butterflies (C) and plants (D) in 12 months irrespective of sites was presented through box-plot ( Fig. 1) . The values of diversity index of butterflies and plants were changed in a rhythm. The values of butterflies increased from March to May and from September to November, whereas they decreased from December to February and from June to August. It is to be noted that the abundance of butterflies was changed with the species richness of plants irrespective of study areas ( Fig. 2A ). The abundance of plants and abundance of butterflies irrespective of study areas was correlated ( Fig. 2B ). Beside abundance, the species richness of butterflies was also changed with the species richness of plants irrespective of areas (Fig. 2C ), and as shown in Figure 2D , the mean number of individuals per species of butterflies was found to be a power function with the mean number of individuals per species of the plants, irrespective of the study areas. An extension of this general relationship is shown in the regression equations in Figure 3 , where the butterfly species richness and the abundance are being portrayed as a function of the species richness and the abundance of the plants separately for the urban, suburban, and rural areas of Kolkata. In comparison to the urban areas, the regression equations ( Fig. 3) exhibited higher values of coefficient of determination (R 2 ) for the suburban and rural areas. The results of mixed model GLM and post hoc multiple comparisons explained the variations in the plant and butterfly abundance and richness as a function of the areas Table 1 . The results of mixed model GLM and post hoc multiple comparisons to explain the variations in the plant and butterfly abundance and diversity as a function of the three levels (U, urban; SU.U, suburban; RU, rural) 
of areas (A) and months (M). (A)
The results of the mixed models using sites and months as explanatory variables (numerical, N; denominator, D) and months (Table 1) . In all instances, the areas, months, and interactions remained significant contributor for the observed variations in the butterfly and plant richness and abundance. The urban, suburban, and rural areas were significantly different in terms of the plant and the butterfly species richness and abundance (Table 1) . When considered in terms of the relative load of butterfly for each species of plant encountered in the three areas, differences were prominent both within and between the plant assemblages of the areas concerned. Lantana camara in the urban area; Ageratum conyzoides, L. camara, and Ziziphus mauritiana in suburban area; and L. camara, Glycosmis pentaphylla, and A. conyzoides in rural area exhibited high load for the butterflies; however, the plants did not show highest level of abundance in the respective areas. In terms of relative abundance, the plant Ixora coccinea was the highest for urban area, Cassia sophera for suburban area, and Alternanthera sessilis for rural area (Fig. 4) 
DISCUSSION
During the present course of study, 54 species of plants were recorded as food plants of butterflies. Among these plant species, 21 species were shrubs and 31 spices were herbs, indicating that butterflies visited more frequently to herbs rather than to shrubs. Similar observations were recorded earlier from different geographical area (Ouin & Burel 2002; Kamimura 2004; Tiple et al. 2006; Kitahara et al. 2008) . The diversity of butterflies and plants, however, varied with the time scale (months) . as well as with the urban-rural gradient ( Fig. 1 C,D and Tables 1, S5, and S6) in a similar way as observed earlier from the same geographical area (Mukherjee et al. 2015a (Mukherjee et al. , 2016 and other parts of the world such as Palo Alto, California, USA (Blair & Launer 1997) , Mt. Fuji, central Japan (Kitahara and Sei 2001) , Ontario, Canada (Hogsden & Hutchinson 2004) , and Île-de-France, France (Bergerot et al. 2011) .
The results of this study show that, of the three areas studied, the suburban area had the greatest food plant diversity and supported a greater diversity and abundance of butterflies. The present result indicates that the abundance and richness of butterflies was changed with the abundance and richness of plants species irrespective of study areas ( Fig. 2A-2D ). The similar association between diversity of plants and diversity of (Nimbalkar et al. 2011) , Tripura (Majumder et al. 2012) , and Gujarat (Patel & Pandya 2014) . Empirical studies also supported this suburban peak in plant biodiversity (McKinney 2002 (McKinney , 2008 Von der Lippe & Kowarik 2008) . When compared between the richness of the butterflies and the plants, a positive correlation was observed in all the sampling sites-urban, rural, and suburban areas (Figure 2A) . At the proximate level, both the abundance and richness components of butterfly and plant diversity exhibited correspondence of high degree, although the values remained more consistent for the suburban area in comparison to either rural or urban areas. A power regression equation is a best fit to explain the richness of the butterflies as a function of the abundance of the plants in the sampling sites. Possibly, the diversity of the plants in the urban and rural areas is comparatively lower than that in suburban area, which is reflected through the fit of the regression equations in the three sites. In Figure 4 . The relative abundance of (mean ± SE, filled columns) the plant species (three-letter codes of plant species were described in Appendix) along with the proportional load of butterfly species (mean ± SE, filled circles) of the respective plant species in urban (A), suburban (B), and rural areas (C) of Kolkata. For the plant species, area-specific differences can be observed for the abundances and load as well as the mean load (dashed lines) in the three graphs. In the urban, suburban, and rural areas, the number of plant species encountered was 37, 52, and 49, respectively, from a sample size of n = 120 (5 transects × 12 months × 2 sites = 120) from each area. The shaded circles represent significant deviation from a mean value, as observed through two-tailed t-test with df 23 in each area.
. rural areas, the agricultural landscapes dominate, which may cause low richness of the plant species (Luoto et al. 2003; José-María et al. 2010; Bassa et al. 2012) , whereas in urban areas, the low plant richness may be attributed to shortage of suitable space. This assumption is collated with the findings on the diversity of the butterflies in agricultural (Loos et al. 2014 ) and urban landscapes in Japan (Kitahara & Sei 2001) At the individual species level, the contribution to the abundance remained different for both the butterfly and plant groups. Keeping apart the unique species in the respective areas, the common species in the urban, suburban, and rural areas exhibited disparity in the numerical abundance ( Fig. 4) . Similarly, the relative load of the butterfly species in the plants or the number of plants used by the butterfly, remained unequal for the three different areas (Fig. 5) . Assuming the load of butterfly in a plant to be an indicator of the relative importance of the plant in conservation, it was apparent that the value differed with the sampling area concerned. Thus, even though the plants remained common in the three areas surveyed, their relative importance varied with reference to the load of butterfly. In the recent study, such disparity in the relative importance of the plants in the conservation of the butterflies has been observed in Central Florida (Josephitis 2014) , Central Mexico (Barranco-León et al. 2016), and Canada (Leston & Koper, 2017) , based on the urbanization gradient. Although adult butterflies exploit a wider variety of flowering plants (Courtney 1986; Shreeve 1992 ) than their larval stage (Hardy et al. 2007 ), butterflies visit flowering plants according to their preference (Tudor et al. 2004; Hardy et al. 2007; Tiple et al. 2009 ), and, therefore, the dependency of butterflies on different plants is varied. A decline in the occurrence of their preferred food resource may decrease their foraging and reproductive success by increasing the cost of searching for food (Benadi 2015) and ovipositor site. Beside this, in urban green space where grasses or small herbs are removed regularly, the herb-or grass-dependent small butterflies are absent (Konvicka & Kadlec 2011) . Empirical studies show that, beside overall vegetation, herbaceous diversity is greatly affected in urban areas during the construction of concrete structures or use of herbicide or urban beautification (Kristoffersen et al. 2008; Huang et al. 2013; Cameron et al. 2015) . To increase the value of urban green space for conservation of both arboreal and grassland species, it is necessary to improve the habitat and vegetation management. The present study is a pioneer effort to conserve butterflies by providing their preferred food plants and decreasing their dispersal cost and interspecific competition. However, the conservation efforts of butterfly require the availability of the plant species in abundance in the conservation sites (Schultz & Dlugosch 1999; Tudor et al. 2004) . Increased richness of plant species will enable sustenance of both the . specialist and the generalist butterflies in terms of their choice of the plant species that will serve for urban greening and help human to keep in touch with nature. Irrespective of the land use pattern and the human habitats, the conservation effort would succeed with the presence of a broad range of species and abundant forms to ensure the inclusion of large numbers of butterfly species. Further studies are necessary to confirm the hypothesis extending to the specific land use pattern in the urban as well as rural areas. Flower preferences of woodland butterflies in the UK: nectaring specialists are species of conservation concern. Biological Con- India Pearson Education (Singapore) (P) Ltd. Table S3 continued. List of plants with their relative proportion observed during the study period irrespective of study sites. Type : S = Shrub, H = Herb, T =Tree. The proportion of the each plant species in the samples as a function of total number of species of the three areas was used to calculate the occurrence of butterflies and plants in urban, suburban and rural areas Table S5 To observe the variation with respect to area and month, data on butterfly abundance were subjected to three-way factorial analysis of variance (ANOVA) (Legendre & Legendre, 1998; Zar, 1999) using SPSS ver 10 (Kinnear & Gray, 2000) considering sampling area, month, and butterfly family as variables. This was followed by post hoc Tukey to observe disparity between and among butterfly family and areas.
SUPPLEMENTARY MATERIAL
The results of three-way factorial ANOVA on the abundance of butterflies considering sampling area (A), month (M), and family (F) as explanatory variables (A). The results of post hoc Tukey test between the family (B) and area (C) . Values formatted in bold are significant at P < 0.05. The results of the three-way factorial ANOVA showed significant differences for area, months, and the family of butterfly as explanatory variables. The significant interactions among the months, sites, and the families reflected the variability in the abundance pattern of the butterflies in the seasons and the sampled areas. The post hoc Tukey test revealed significant differences among the areas and the families of butterfly. 
